Introduction
Follicle recruitment in the gilt occurs from the proliferating pool, after which a process of selection during the follicular phase establishes a group of follicles destined to ovulate. The time of recruit¬ ment has been extensively studied in the cyclic gilt and data from experiments involving treatment with exogenous gonadotrophins (Phillippo, 1968; Hunter, 1972; Hunter et al, 1976) , electrocautery of follicles (Clark et al., 1979) and unilateral ovariectomy (Coleman & Dailey, 1979; Clark et al, 1982) suggest that recruitment occurs between Days 14 and 16 of the oestrous cycle. The growth of selected preovulatory follicles during the follicular phase is associated with rapid atresia of smaller follicles and a block to their replacement in the proliferating pool (Robinson & Nalbandov, 1951; Anderson, 1980; Clark et al, 1982) .
Although the gilt has been extensively used to study folliculogenesis in a polytocous species, ovarian material has frequently been obtained from prepubertal gilts treated with PMSG (Ainsworth et al, 1980; Evans et al, 1981) or collected at abattoirs from animals of unknown physiological status. Moreover, ovarian material is often pooled using the simple criterion of follicular size (Stoklosowa et al, 1982; Tsang et al, 1985) , thus preventing a comparison of data from morphologically similar follicles.
The aim of the present experiment, therefore, was to investigate the maturational changes which occur within and between developing follicles during the follicular phase of a natural oestrous cycle in pigs. (Hunter el al., 1989) .
Collection and treatment offollicular tissue. The handling and dissection of ovarian tissue, and the collection of follicular fluid and harvesting of granulosa cells were as described previously by Foxcroft et a! (1987 ( 1987) . The limit of sensitivity of the assay was 6-3 pg/tube and inter-and intra-assay coefficients of variation were 11-7 and 3-6%, respectively. Oestradiol concentration in follicular fluid was also assayed directly and this was validated by comparing the values obtained from a range of samples with and without extraction. The correlation coefficient (r) obtained was 0-993 (P < 0001), and samples assayed at volumes of 10, 20, 50 or 100 µ showed parallelism with the standard curve. The limit of sensitivity of the assay was 2-5 pg/tube and inter-and intra-assay coefficients of variation were 9-3 and 24% respectively.
The concentration of progesterone in follicular fluid was determined directly using a modification of the method described by Hunter el a! (1986). The direct assay was validated by comparing the results obtained from a range of samples which were either extracted or measured directly after heating at 70°C for 30 min. The correlation coefficient (r) obtained was 0-997 ( < 0001) and samples assayed at volumes of 10, 20, 50 or 100µ showed parallelism with the standard curve. The limit of sensitivity of the assay was 13-7 pg/tube and inter-and intra-assay coefficients of variation were 64 and 44%, respectively.
The assay used for the measurement of testosterone in follicular fluid and extracts of theca tissue was as described by Purvis et a! (1974) . Follicular fluid samples were extracted with 1 ml diethyl ether by shaking for 20 min on a multipurpose horizontal shaker. The mean extraction efficiency was 94% and the limit of sensitivity of the assay was 5-2 pg/tube. Samples of follicular fluid assayed at volumes of 20, 50 and 100 µ confirmed parallelism with the standard curve, and inter-and intra-assay coefficients of variation were 6-6 and 4-0%, respectively. Samples of theca tissue were homogenized and extracted in a final volume of 4 ml double-distilled ethanol, and 100 or 200 µ samples of extract were evaporated to dryness at 37°C and reconstituted in assay buffer. Samples assayed at 50, 100 and 200 µ showed parallelism with the standard curve and the limit of assay sensitivity was 141 pg/tube. Inter-and intra-assay coefficients of variation were (Table 2) Table 3 , and the means and variation from the 20 largest follicles from all 5 gilts on Day 20 are shown in Table 4 . These tables clearly illustrate the considerable heterogeneity which existed on Day 20, but was also present throughout the follicular phase.
Discussion
In the analysis of follicular development among days of the cycle, the large number of follicles >2mm diameter present in the Day-16 animals is consistent with previous observations in the cyclic gilt (Robinson & Nalbandov, 1951; Kirkpatrick et al, 1967; Clark et al, 1973) and confirms that during the luteal phase of the pig oestrous cycle, a proliferating pool of follicles 1-6 mm in diameter is maintained by a continuous process of development and subsequent atresia. The progressive decrease in follicle number per animal from Day 16 to Day 21 also supports the suggestion of Clark et al (1973) that during the follicular phase there is a physiological block which prevents the replacement of atretic follicles into the proliferating pool: consequently, by Day 21 only the ovulatory population remained.
Analysis of follicular characteristics within days and within follicles established a significant linear relationship between follicular diameter and volume in the present study. This is consistent with previous observations in the weaned sow (Shaw, 1984) and the ewe (Carson et al, 1981; England et al, 1981) and suggests that, at least in the early to mid-follicular phase in the pig, each of these measures is interchangeable as an estimate of gross morphological development. However, a dramatic increase in tissue volume occurred on Day 21 (Fig. 2) and histological examination of follicles recovered on Day 22 has shown that this is associated with considerable infolding of both the granulosa and theca layers (Hunter et al, 1989) .
Although a positive correlation was demonstrated between number of granulosa cells and folli¬ cular diameter overall, the strength of this relationship decreased as the follicles matured and attained preovulatory size; there was therefore an unpredictable increase in cell numbers as follicles grew beyond 6 mm in diameter. This overall pattern agrees with previous results reported for the sheep and human (McNatty, 1982) . It should also be emphasized that there was great variability in the number of granulosa cells recovered from follicles of identical diameter regardless of whether the follicles were active oestrogenically. (1987) who showed that a protracted ovulation interval was associated with morphological disparity among littermate embryos. Hence, the asynchronous development of early embryos (Anderson, 1978; Pope et al, 1986) and the subsequent occurrence of embryonic mortality may be a consequence of the initial range of follicular development within the selected ovulatory population.
In (1973, 1974) , those highly oestrogenic follicles also bound more 125I-labelled hCG than did the adjacent smaller follicles.
The notable change in the follicular fluid steroids of the Day-21 animals (with an increase in progesterone synthesis and a dramatic fall in both oestradiol and testosterone production) was undoubtedly a consequence of the LH surge, as reported from other species (sheep: Moor, 1974; cow: Staigmiller et al, 1982; rat: Lieberman et al, 1975) . Furthermore, it has been proposed that the LH surge inhibits oestradiol production by reducing aromatase activity (Henderson & Moon, 1979) . However, as the Day-21 group in the present study possessed the highest mean aromatase activity, this theory does not appear to apply to the pig and again suggests that androgen availability is a major limiting factor in oestradiol production.
As for the morphological data, the 14-16 follicles within the selected ovulatory population had readily distinguishable biochemical characteristics on Day 20, i.e. a high follicular fluid oestradiol: testosterone ratio, elevated granulosa aromatase activity and increased 125I-labelled hCG binding to granulosa and theca tissue. However, there was a considerable range of biochemical develop¬ ment among follicles within the same ovary, and this diversity even among follicles of equal size was apparent at all stages of development. Therefore, the pooling of follicles from within the same ovary on the basis of size, in addition to the pooling of follicles of similar size from different animals before in-vitro study, is likely to confound the interpretation of the data obtained.
Although the overall pattern of changing follicular fluid steroids observed in this study compares favourably with the results obtained from previous experiments in PMSG/hCG-primed gilts (Ainsworth et al, 1980; Meinecke et al, 1987) , there were some notable differences. Ainsworth et al (1980) reported that follicular fluid androgen concentrations remained relatively constant throughout preovulatory development, in contrast to a distinct rise and fall in follicular fluid testosterone reported here for naturally cyclic animals. In addition, the maximal concentration of follicular fluid oestradiol was notably higher in PMSG/hCG-primed gilts and, in contrast to the cyclic gilts, follicular fluid progesterone was the predominant steroid at 72 h after PMSG, before the hCG injection and analogous to the Day-20 group in this study. Hence, although the synchro¬ nized PMSG/hCG-treated pig represents a well established experimental model, the observed differences between spontaneously and induced ovulating animals should not be overlooked.
It is evident from this study that preovulatory follicular development in a polyovulatory species such as the pig consists of a very complex array of events. The range of morphological and biochemical development on Day 16 indicates that not all follicles destined to ovulate are at the same stage of maturity at the time of recruitment and selection. This asynchrony was high¬ lighted by the marked differences in steroid synthesizing ability of follicles of identical size within the same ovary. A further consequence of the asynchrony in the rate at which follicles become oestrogenically active is the period of time in which follicles are in a "mature' state before the onset of the preovulatory LH surge. Presumably the high oestrogenic activity of the dominant follicles will provide the trigger for the preovulatory LH surge, and thus set the tim¬ ing of the surge and ultimately of ovulation. Since the reported timing between oestrogen stimu¬ lation and the LH surge in the pig (Edwards & Foxcroft, 1983) is about 54 h, the activation of the surge mechanism would be expected on Day 18, at a time when the selection of ovulatory follicles is continuing. The interval between the final selection of the least mature ovulatory fol¬ licles and the dramatic maturational changes induced by the LH surge must therefore be very limited. This could affect the later development of the oocyte and embryo (Pope et al, 1986; Wilde et al, 1987) and also be causally related to the different populations of functional cor¬ pora lutea reported for the pig by Rao & Edgerton (1984) .
On the basis of the characteristics assessed in this study, those follicles destined to ovulate or to become atretic were only readily distinguishable on Day 20, suggesting that the selection of the preovulatory population continues over the 4-day period from about Day 16 to Day 20 of the cycle and, furthermore, that the selection process involves some initial maturation even in those unselected follicles that ultimately join the atretic pool.
